Recent eff orts have attempted to establish emission estimates for greenhouse gas (GHGs) from agricultural soils in the United States. Th is research project was conducted to assess the infl uence of cropping system management on non-CO 2 GHG emissions from an eastern Corn Belt Alfi sol. Corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] rotation plots were established, as were plots in continuous management of native grasses or sorghum-sudangrass [Sorghum bicolor (L.) Moench nothossp. drummondii (Steud.) de Wet ex Davidse]. Greenhouse gas fl uxes were monitored throughout each growing season from 2004 through 2007. Fluxes of N 2 O were signifi cantly correlated with soil temperature (P < 0.001), and thus a temperature (Q 10 ) correction was made (3.48 for N 2 O). Nitrous oxide emissions from corn were lowest from the precision tillage treatment (2.4 kg N ha −1 yr −1 ), signifi cantly lower than the conventional tillage (4.9 kg N ha −1 yr −1 ) or cover crop corn treatments (5.0 kg N ha −1 yr −1 ). Corn-soybean and biomass-based cropping systems resulted in signifi cantly greater N 2 O emissions than native grasses. Th ere was a positive correlation between the N fertilization rate and N 2 O emissions when comparing all treatments in this study. Th ese soils were typically a sink for atmospheric CH 4 for these cropping systems, and thus N 2 O is the primary non-CO 2 GHGs of concern. When evaluating the entire cropping system, native grasses resulted in the lowest N 2 O emissions, while a corn-soybean rotation planted with precision tillage resulted in N 2 O emissions similar to bare soil and were signifi cantly lower than emissions from the other cropping systems assessed.
Abbreviations: GHG, greenhouse gas.
Reduction through Agricultural Carbon Enhancement Network (GRACEnet), a national project of the USDA-ARS ( Jawson et al., 2005) . Most of the GRACEnet research in the Corn Belt is conducted on Mollisols (Ginting et al., 2003; Parkin and Kaspar, 2004; Venterea et al., 2005 Venterea et al., , 2006 Johnson et al., 2010) . Most other research on C dynamics and GHG emissions in the eastern Corn Belt has also been conducted on Mollisols (Omonode et al., 2007; Hernandez-Ramirez et al., 2009a,b) . While much of the work in the region is being conducted on Mollisols, it is also important to quantify GHG emissions from Alfi sols, the other predominate agricultural soil in the eastern Corn Belt. While the dominate soil order (approximately 22%) in the United States is the Mollisol, roughly 14% of land in the United States is classifi ed as Alfi sols, including large portions of the eastern Corn Belt (Brady and Weil, 1999) . In general, Mollisols formed where grasses were the native vegetation while Alfi sols formed where hardwood forests were the native vegetation.
Th e objectives of this research were to evaluate the infl uence of common agricultural practices (i.e., no-till, chisel-disk, precision tillage, split N applications, or cover crops) of traditional corn-soybean cropping systems and potential alternative biomass-based cropping systems on non-CO 2 GHG emissions (N 2 O and CH 4 ) from Alfi sols in the eastern Corn Belt. Furthermore, soil respiration from the practices applied to the corn crop was assessed.
MATERIALS AND METHODS

Field Plots and Gas Sampling
Th is research was conducted as one of two GRACEnet fi eld experiments performed by the USDA-ARS National Soil Erosion Research Laboratory. Experimental plots were established in 2003 at the Th rockmorton-Purdue Agricultural Center, near Lafayette, IN. Before establishment in 2003, all plots had been cropped to a corn-soybean rotation using no-till for >10 yr.
Th ere was a total of eight blocks of each treatment for the cornsoybean plots. Th e corn-soybean plots measured 10 by 20 m, with the predominate soils being Octagon silt loam (a fi ne-loamy, mixed, active, mesic Mollic Oxyaquic Hapludalf ) and Th rockmorton silt loam (a fi nesilty, mixed, superactive, mesic Mollic Oxyaquic Hapludalf ). When the corn-soybean plots were established, the northern 20 plots were planted to soybean in odd years and to corn in even years. Th e southern 20 plots were planted to corn in odd years and to soybean in even years. Within each of those sets of main plots, there were four blocks used to randomly place fi ve treatments. Th e treatments were: (i) conventional tillage (defi ned as fall chisel, spring disk) with all N fertilizer applied at the time of planting; (ii) no-till with all N fertilizer applied at the time of planting; (iii) no-till with all N fertilizer applied at the time of planting and annual ryegrass (Lolium multifl orum Lam.) planted as a winter cover crop; (iv) no-till with half of the N fertilizer applied at the time of planting and the remainder sidedressed post-emergence; and (v) precision tillage with all N fertilizer placed at the time of planting. Th e precision tillage system used for this research was similar to the system designed for the Nu-Till (Ag Spectrum, Dewitt, IA) system, and is also commonly used on Kinze planters (Williamsburg, IA). Specifi cally, the precision tillage treatment utilized: (i) Martin row cleaners to remove residue in the seedbed; (ii) Keeton seed fi rmers inside the trench opener; (iii) Martin spader wheels to minimize wall compaction in the seedbed; and (iv) a dragger chain behind the spader wheels to smooth the soil surface and replace some residue over the seedbed. Th ere was no N fertilizer applied when soybean was planted. To estimate GHG emissions from soils where no vegetation was grown, a small area of bare soil was located adjacent to each group of plots. Th e bare-soil plots were located in the grassed buff er strips between the plots, with glyphosate [N-(phosphonomethyl)glycine] used to remove grass and other vegetation.
A set of biomass plots were established to compare alternative biomass production systems on a Longlois silt loam (a fi ne-loamy, mixed, active, mesic Mollic Hapludalf ) and measured 6.7 by 3.5 m. For the biomass plots, there were four replications of four treatments established using a completely randomized block design. Th e treatments were: (i) native grasses, established with Indian grass [Sorghastrum nutans (L.) Nash], switch grass (Panicum virgatum L.), and big bluestem (Andropogon gerardii Vitman); (ii) sorghum-sudangrass that was mowed once and tilled approximately 1 October each year; (iii) sorghum-sudangrass with the biomass removed twice annually (i.e., as might be done for biofuel stover harvest); and (iv) sorghum-sudangrass with the biomass mowed twice annually but not removed. Th e native grass plots were not harvested through the duration of this study. Fertilizers were not applied to the native grass plots, but urea was applied to the sorghum-sudangrass plots in 2005 and 2006.Th ere was also a set of small areas in each of these blocks of treatments that was kept bare where GHGs were also measured. More specifi cs about the treatments can be found in Tables 1 and 2. Gas sampling began in 2004 using a vented chamber technique. Chamber anchors, which measured 73.7 by 35.4 by 12.0 cm, were inserted 10 cm into the soil. A U-shaped channel, measuring 1.8 cm wide by 1.9 cm deep, was welded to the outer edge of the chamber anchor. During fl ux measurements, the U-shaped channel was fi lled with water, and the chamber lid, measuring 75.8 by 38 by 13 cm, was placed into the U-shaped channel, forming an airtight seal. Flux measurements are described in further detail below. Chamber anchors were placed near the center two rows of each plot, roughly 3 m from the end of the plot, such that a single row of corn would be located in the center of the chamber. Roughly the same chamber anchor placement was used for the soybean plots. Chamber anchors were placed near the center of the biomass plots. Th e chamber anchors were left in the ground semipermanently and were only removed when fi eld operations (i.e., tillage, planting, fertilization, or harvest) occurred. Th e anchors were placed back in the ground as soon as possible aft er each fi eld operation was completed, and at least 24 h passed between when the anchors were placed in the ground and when fl ux measurements were taken.
To determine CO 2 (for assessment of soil respiration from corn plots), N 2 O, and CH 4 fl uxes, a vented aluminum fl ux chamber lid (described above) was placed in the channel around the anchor. Individual gas samples were withdrawn from the chamber at 0, 15, and 30 min following chamber placement using a 30-mL syringe. From this syringe, 20 mL of the gas sample was injected into a 10-mL evacuated vial, which was overpressurized so that if any gas leaks existed, there would not be contamination from ambient air. Flux measurements were made between 3 Oct.
27 Oct. Biomass, mow 2× sorghum-sudangrass sorghum-sudangrass 23 May 24 July 1 Nov. † Preplant method refers to how the preplant fertilizer was applied to plots.
‡ Starter fertilizer (N-P 2 O 5 -K 2 O) was applied during planting via the corn planter with a placement of 5 cm to the side and 5 cm below where seed corn was placed. § Sidedress method refers to how the sidedress fertilizer was applied to plots. 1200 and 1500 h to minimize the variability associated with diurnal effects of gas emissions from the soils.
In general, gas fl ux measurements were made weekly from before spring tillage (mid-April) to aft er midsummer (last week of July) and then once every other week thereaft er. Th ere were 27 gas fl ux measurements in 2004, 35 in 2005, 29 in 2006, and 26 in 2007. Th ese values include targeted gas fl ux sampling that occurred in the winters of 2004-2005 and 2005-2006 , between crop harvest in mid-October and planting in mid-May, to evaluate if gas emissions were occurring while the soils were thawing.
Th e decision was made not to assess CO 2 emissions (hereaft er referred to as soil respiration rates) from the soybean, native grass, or sorghum-sudangrass plots because the plants were maintained inside the chamber anchor for much of the year. We did analyze CO 2 emissions from the corn plots because the corn was cut at the V2 stage, as was done by Mosier et al. (2006) . Corn was cut at this stage of development because if the plants were allowed to grow too large, the chambers would physically not close, and thus fl ux measurements could not be taken. Other researchers have used the method of removing the corn plants to assess the infl uence of cropping systems management on GHG emissions from soils (Mosier et al., 2006) .
At the time of sample collection, soil moisture was determined in each plot, and air and soil temperature were also measured in each plot. Soil moisture was measured using time domain refl ectometry (Fieldscout TDR 300, Spectrum Technologies, Plainfi eld, IL) with 7.6-cm-long probes. Soil temperature was measured using a digital thermometer (Fisher Scientifi c, Pittsburgh, PA) with the probe inserted 5 cm into the soil, while air temperature was measured using the same digital thermometer with the probe set approximately 1.0 m above the soil surface. Th ere was also a weather station at the Th rockmorton-Purdue Agricultural Center that continuously measured precipitation and soil and air temperature. Data from the weather station were collected, and daily values were determined for precipitation and mean air and soil temperatures.
Corn and soybean plots were harvested using standard equipment and procedures. Grain yields were calculated by harvesting the center half of the plot (e.g., the center six rows of corn that had 12 rows planted) with a plot combine. Aft er harvest in each plot, the grain was transferred to a weigh wagon and the mass of grain was recorded.
Laboratory Analysis
Upon arrival at the laboratory, gas samples were analyzed for CO 2 , N 2 O, and CH 4 using a Varian Model 3900 gas chromatograph (Agilent Technologies, Santa Clara, CA), equipped with a thermal conductivity detector, electron capture detector, and fl ame ionization detector. More detailed information about the instrumentation used for gas analysis can be found in HernandezRamirez et al. (2009b) .
Gas concentration was converted from volume/volume to mass/volume basis using the ideal gas law. Th e fl uxes from each plot for each gas were calculated using the linear regression technique. Th is technique generally resulted in r 2 > 0.95 from data collected in this study. Using the Chamber Error Analysis Tool (CEAT; Venterea et al., 2009), we determined that there was a 3 to 6% underestimation in our chamber measurements compared with the actual predeployment fl ux based on the chamber design and soil physical conditions during the course of the study.
Soil respiration rates and N 2 O emissions were correlated with soil temperature (r = 0.35, P > 0.001; and r = 0.57, P > 0.001, respectively) and air temperature, whereas there was no correlation for CH 4 emissions. Th erefore, CO 2 and N 2 O fl uxes at sampling time in each experimental plot were corrected for temperature using the daily average soil temperature (DAST) from the Th rockmorton weather station. In further detail, a Q 10 temperature correction was used to correct for the deviation of soil temperature (ST) at the time of fl ux measurement from the DAST, with the aim of converting gas fl ux (Fgas) point measurements to a daily gas fl ux (DFgas) estimate. As described by HernandezRamirez et al. (2009b) , Q 10 -corrected DFgas was estimated as (DAST ST)/10 10 DFgas gas
where Q 10 is the temperature coeffi cient, which refl ects the relative Fgas increment as soil temperature is increased by 10 K. Th e Q 10 coeffi cients were derived through a nonlinear approach using the Arrhenius equation:
where A is the Arrhenius value (dimensionless), E is the apparent activation energy ( J mol −1 ), and R t is the ideal gas constant (8.31 J mol −1 K −1 ). Th e parameters A and E were obtained aft er fi tting the collected data to Eq.
[2]. Subsequently, the Q 10 coeffi cients were estimated as the ratios of Fgas at an ST of 15 to 25°C using Eq.
[2]. Th ese two STs were selected to derive Q 10 coeffi cients because 58% of gas fl ux measurements were conducted when the ST was within the range of 15 to 25°C, and also the annual DAST mean for the days when gas fl ux measurements were made was approximately 20°C. Th e Q 10 correction was applied uniformly to all gas fl ux measurements in all years from all plots.
Cumulative gas emissions or uptake was calculated by linear interpolation between sampling dates. Cumulative soil respiration was calculated for corn and bare soil treatments only.
Statistical Analysis
Statistical analyses of data were performed using SAS version 9.1 (SAS Institute, Cary, NC). Comparisons of means were made for data by year and for the entire study period (2004) (2005) (2006) (2007) . Nitrous oxide and CH 4 data were found to not be normally distributed, using the Shapiro-Wilk test for normality, and thus Box Cox transformations were performed on these data. Th e CO 2 data were not transformed before analysis. Analyses were performed using Multivariate Linear Mixed Models (PROC MIXED; Littell et al., 1996 Littell et al., , 1998 , with block as a random eff ect. Mean comparisons were made using Tukey's test and preselected contrasts. Mean emissions from the treatments for the corn-soybean rotations were compared against each other in the fi rst analysis. In the secondary analysis, mean emissions from a rotation (i.e., the corn or soybean portion for each of the fi ve treatments) were compared with the mean emissions from the biomass treatments.
RESULTS AND DISCUSSION
Temperature and Water
Available daily precipitation recorded at the Th rockmorton-Purdue Agricultural Center is shown in Fig.  1A . Th e mean volumetric soil moisture content from the plots measured on the days of gas fl ux measurements ranged from 7 to 47% (Fig. 1B) . Th e mean soil and air temperature measured in plots at the time of fl ux measurements, as recorded on the days in which gas fl uxes were measured, ranged from 0 to 35°C (Fig. 1C) . Th e mean soil temperatures during gas fl ux measurements were 15.4, 20.2, 21.1, and 24.2°C in 2004, 2005, 2006, and 2007, respectively . Th ere were no signifi cant diff erences in soil temperature or moisture among treatments.
Grain Yields
Th e overall comparison of soybean and corn grain yield suggested that there were no signifi cant diff erences in soybean or corn grain yields among treatments for the entire experimental period (Table 3) . Soybean yields ranged from 3.5 Mg ha −1 in the precision tillage treatment to 3.9 Mg ha −1 in the no-till treatment. Th e soybean in the precision tillage treatments was planted with the same equipment used to plant the precision tillage corn. Th us, even with wider rows (78 cm between rows) than the other soybean treatments (planted with 20 cm between rows), there was little if any eff ect on yield using the precision tillage planter for soybean. Corn yields ranged from 8.6 Mg ha −1 in the no-till treatment with winter cover crop to 10.5 Mg ha −1 for the conventional tillage treatment. An annual comparison of treatment on soybean yield suggested that the no-till preplant N fertilization treatment (4.4 Mg ha −1 ) resulted in a signifi cantly greater yield relative to the precision tillage treatment (3.6 Mg ha −1 ) and resulted in a similar yield compared For the corn yield, there was no signifi cant diff erence among years when means were averaged across treatments. Based on the precipitation and soil moisture data, two variables that are normally used to interpret grain yield response, there was no relationship present to explain the signifi cant diff erences observed for soybean yield in 2006 or soybean diff erences among years.
Nitrous Oxide
Th e calculated Q 10 for N 2 O was 3.48, which was similar to Q 10 values calculated by others on Mollisols in Iowa (Parkin and Kaspar, 2006) and Indiana (Hernandez-Ramirez et al., 2009b) .
Th e calculated N 2 O fl uxes from plots throughout the study period are shown in Fig. 2 . Greater detail with regard to N 2 O emissions from each treatment is presented in the supplemental material that can be found online. Nitrous oxide fl uxes were typically negligible before and aft er the cropping season. During the warmer months, N 2 O fl uxes increased in the corn plots ( Fig. 2A, 2D, 2G , and 2J) to levels as high as 2.6 mg N m −2 h −1 . Th e peak N 2 O fl uxes observed in the current study were approximately 16 times greater than the peak fl uxes observed by Ginting and Eghball (2005) approximately 15 d aft er N fertilizer applications. Our observations were made days to weeks after planting and fertilization occurred. Th e N 2 O fl uxes from the soybean (Fig. 2B, 2E , 2H, and 2K) and grass plots (Fig. 2C, 2F ( Johnson et al., 2010) ; however, we did not observe such fl ushes from these Alfi sols.
Nitrous oxide emissions from the plots during the 2004 through 2007 study period were generally lower from the bare soil than the corn plots (Table 4) ; however, this eff ect was only significant for the conventional tillage and no-till with cover crop treatment. Th e cover crop treatment had the highest N 2 O emissions (5.0 kg N ha −1 yr −1 ), and the cover crop and conventional tillage treatments had signifi cantly greater N 2 O emissions than the precision tillage treatment. When contrasts were used, the precision tillage treatment cropped to corn had lower N 2 O emissions than the mean of the no-till treatments (no-till, no-till with cover crop, and no-till with split N application) planted to corn (P = 0.002; 2.4 vs. 4.2 kg N ha −1 yr −1 ). Other researchers have found no effect of a cover crop on N 2 O emissions (Parkin and Kaspar, 2006) . Hernandez-Ramirez et al. (2009b) reported N 2 O emissions of 0.98 kg N ha −1 yr −1 from soybean plots and 4.9 kg N ha −1 yr −1 from corn plots fertilized with urea-NH 4 NO 3 . Other studies have observed greater N 2 O emissions from no-till than from conventional tillage corn (Parkin and Kaspar, 2006; Almaraz et al., 2009) . Nitrous oxide emissions as high as 45 kg ha −1 yr −1 have been reported (Rochette et al., 2008) .
When comparing the corn-soybean rotations with the biomass rotations, sorghum-sudangrass did not necessarily decrease N 2 O emissions (Table 5) . Native grasses yielded the lowest N 2 O emissions (0.57 kg N ha −1 yr −1 ) of all treatments. Th e sorghum-sudangrass plots that were harvested with the biomass removed twice during the year resulted in signifi cantly lower N 2 O emissions (2.61 kg N ha −1 yr −1 ) than what was observed for the sorghum-sudangrass plots that were mowed and tilled once annually (3.38 kg N ha −1 yr −1 ), the no-till corn-soybean rotation with cover crop (3.24 kg N ha −1 yr −1 ), or the conventionally tilled corn-soybean rotation (3.10 kg N ha −1 yr −1 ). Th e N 2 O emissions observed in the current study from native grasses were similar to the 0.24 kg N ha −1 yr −1 observed for prairie grasses on a nearby (approximately 24 km) Mollisol (Hernandez-Ramirez et al., 2009b) .
When grouped together, the sorghum-sudangrass treatments had signifi cantly lower N 2 O emissions than the corn plots (P < 0.001) but greater N 2 O emissions than the soybean plots (P < 0.001). Th ese results would be expected because the corn plots received the highest level of N fertilization, the sorghumsudangrass an intermediate level, and the soybean plots were not fertilized with N (Table 2) . Neither the native grass treatments nor the soybean treatments received N fertilization; the native grasses had lower N 2 O emissions than the soybean treatments. Th is is probably because the soybean plots had received N fertilizer the previous year (during the corn phase of the rotation), and the Rhizobium species associated with the soybean nodules were also producing N via symbiotic N 2 fi xation. In fact, a correlation existed between the N application rate and N 2 O emissions (P < 0.001; Fig. 3) . Other work has shown a direct relationship between the level of N fertilization and N 2 O emissions from soils (Mosier et al., 2006) . Based on this study, approximately 2.27% of the N applied as N fertilizer is lost via N 2 O emissions, which is greater than the 1.25% estimated by the Intergovernmental Panel on Climate Change (2007).
Methane
Methane fl uxes from soils in corn plots were very low (Fig.  4A, 4D , 4G, and 4J). Th e soils were oft en a sink for CH 4 but were occasionally a source of CH 4 to the atmosphere. Th e fl uxes (both positive and negative) of CH 4 from the soybean (Fig. 4B, 4E , 4H, and 4K) and grass plots (Fig. 4C, 4F , 4I, and 4L) tended to be smaller than the fl uxes observed from the corn plots. Greater detail with regard to CH 4 emissions from each treatment is presented in the supplemental material that can be found online.
Th e soils in all plots were a sink for CH 4 , with a range in uptake of 0.1 to 0.4 kg C ha −1 yr −1 (Table 4) . Th ere were no significant diff erences among treatments for CH 4 uptake by soils either for the entire study or when examined on a year-by-year basis. Th ere were also no signifi cant diff erences in uptake of CH 4 by soils when comparing the corn-soybean rotation treatments to the biomass treatments (Table 5) . Th is was probably due to the very low fl uxes that were observed throughout the year. Methane emissions from a nearby Mollisol were from 0.024 kg C ha −1 yr −1 from prairie grass plots, −0.13 kg C ha −1 yr −1 from corn in rotation with soybean, and −0.027 kg C ha −1 yr −1 from soybean (Hernandez-Ramirez et al., 2009b) . In another set of plots on an associated Mollisol, CH 4 emissions were −0.61 kg C ha −1 yr −1 from conventional tillage and 0.66 kg ha −1 yr −1 from no-till soils (Omonode et al., 2007) . Mean CH 4 emissions from cropped soils in Colorado were an overall source of CH 4 to the atmosphere; however, this was skewed by relatively large emissions observed in 1 out of 3 yr (Mosier et al., 2006) . Kessavalou et al. (1998) observed that their soils in Nebraska were much greater sinks of CH 4 than what we observed (−2.6 to −3.3 kg C ha −1 yr −1 ). Our observations for CH 4 emissions were within the range reported for soils in Minnesota (Venterea et al., 2005) .
Carbon Dioxide
As has been found in previous studies, we observed a significant relationship between soil temperature and soil respiration rates (r = 0.34; P < 0.001) (Kessavalou et al., 1998; Almaraz et al., 2009) . Th e Q 10 for CO 2 calculated for this experiment was 2.12. Th is was similar to the range in Q 10 values reported in the literature. In Germany, CO 2 Q 10 has been reported at 2.90 (Borken et al., 2003) and 3.9 to 5.7 (Borken et al., 1999) , while values from Nebraska were 1.8 (Ginting et al., 2003) . Venterea et al. (2006) reported a range in CO 2 Q 10 values of 2.0 to 2.5. Soil respiration rates showed pronounced trends, with increases through the middle of the growing season and lower rates at the beginning and end of the growing season (Fig.  5 ). Soil respiration rates were as high as 2100 mg C m −2 h −1 . Th e soil respiration rates from the soybean (Fig. 5B, 5E , 5H, and 5K) and grass plots (Fig. 5C, 5F , 5I, and 5L) were calculated; however, these fl uxes were not used to calculate CO 2 emissions due to the reasons stated above.
Soil respiration rates varied from 13 Mg C ha −1 yr −1 in the bare soil to 17 Mg C ha −1 yr −1 in the no-till corn plots Sorghum-sudangrass mow/till 3.38 a −0.17 † Means followed by the same letter within a column are not signifi cantly different at P < 0.05. with annual rye cover crop (Table 6) . When comparing all treatments, there were no signifi cant diff erences among treatments for soil respiration rates. Th ere was an increase in soil respiration rates of at least 0.8 Mg C ha −1 yr −1 when comparing the corn treatments with the bare plots; however, this eff ect was not signifi cant. Contrary to our results, one report estimated 0.75 Mg C ha −1 yr −1 more CO 2 loss from conventional tillage than no-till as a result of greater soil temperatures in the tilled soils (Fortin et al., 1996) . Th e CO 2 emissions we observed were higher than the 5.8 to 6.6 Mg C ha −1 yr −1 observed at the nearby 
CONCLUSIONS
A comprehensive evaluation of non-CO 2 GHG emissions from an Alfi sol in the eastern Corn Belt was conducted for cornsoybean rotations and alternative treatments including native grasses and sorghum-sudangrass. Nitrous oxide fl uxes and soil respiration rates were signifi cantly correlated with soil temper- ature. Precision tillage resulted in signifi cantly lower N 2 O emissions than the other corn-soybean treatments. Th e corn-soybean precision tillage treatment resulted in signifi cantly lower N 2 O emissions than the sorghum-sudangrass-based cropping systems that were designed to maximize C sequestration into the soil. Nitrous oxide emissions were positively correlated with N application rates. Th ere were no signifi cant diff erences among CH 4 emissions, but soils in these plots were a slight sink for CH 4 (annual emissions between −0.08 and −0.36 kg C ha −1 yr −1 ). Th ere were no signifi cant diff erences for soil respiration rates either, but the range was 13.2 Mg C ha −1 yr −1 from bare soil to 16.6 Mg C ha −1 yr −1 from corn with annual rye grass as a winter cover crop. Th is is the fi rst report of GHG emissions from common and alternative cropping systems on an Alfi sol in the eastern Corn Belt.
